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(57) CymwocTb M3o6peTCHtifl: TepMoo6pa6oTsy 
nnacrwpw TOKaMw bwcoko* mac™™ ocymecr- 
annfOT nocne ro<t>pMpoBaNut*. a cm330mmum 
c/iofl hbhocat nouTOpHO nocne ox/ia*AeHnn. 
npeA^araeMwPi cnocoS n03eonneT aa c^er no- 
BwmenMw nnacTWMMbJx cbo&Ctb MeTan/ia *a- 
AOKMO oOecnewnTb repMe™3auw»o 
peimoMTupyeMoro yMacTKa c*Ba*nHtt. 1 Ta6/r 



HaoepereMMe othocwtcp ic o6pa6oT»ce Me- 
Taiina A»Bi&HV<eM ( b h3cthoct* k TexN0/iornn 
Msroroa/ieHUH ro4>pwpOB8MHbix rpyS. 

Ochobmwmw on«pauvi«Mvt b TexHonorMse- 
ckom npouecce *3rOTOBneMviH tohkoctchmmx 
rcxt>PHpoBaMHwx Tpy6 »B/iaeTCfl xonOAMan Ae- 
4>opMau«fl..HanpvtMep BonoMenwe w npOKanca 
Tpyb. xv»MMHecKa« o5pa6oTKa. tepMwmscMi* 
o6pa6otica chatwr oct3tomkwx Hanpaxe- 
hw*, B03Hu*aK>ut*x b pe3y/ibraYe Ae^opMa- 
umm m npo4>vinMpOBaHMJi mctoaom natcaxicM. 

UtaeecTQH cnoco6 w3roroaneHH* rpy6 c 
npoAonbHbfMM r<xt>p3MM nyreM AayxaTannoro 
4>opMOB3Hwn Tpy6bi-3aroTOBKw. npuneM Ha 
nepaoM 3T*ne ee ro<J>pv»py»OT paAMa/ibnyMM 

yCM/lMRMM. a H8 BTOPOM 3T3ne 06>KV1M3WT B 

npo4>yi/tnpooaHHOi?i BO/to*e. 

Oa m ** 0 B03HwicaioiuMe b pe3ynbTare 
cjkwhoA A^opMannti ocT3TOMMb4e nanpHMe- 
hhp He A*** AoctaTo^HOi4 nonepe<+H0& npoM- 
hoctm , Mtniann CTanoBnTCfl xpyn*nM m 



HenpwroA^H b vcaMecYae .i/iactbip* npu peMOM- 

TB 06caAH0(^ K0/1OHMW 8 CK83XWHC 

JJ/ia chatm* ocTatOMHbix Hdnpn^eHM^ Tpy- 
6u noA«cpraK)T xepMWHecKOfi o6pa6oT»<e - ot- 
jKwry b nesax rwna HCO-06 wyin r :.O-0y w 
nonyMeHMJ? Ha Tpy6ax okwcho^ nnenicn. bw- 
nonnfliotueM <J>yMKUwn noAMa30^Horo noKpw- 
tmh w o6noAa»oiue^ AocTaTO^How 
nopwciocTbio w aACOp64wionHOd cnoco6HO- 

CtbK) K CMB3<e. 

HaeecreH 7aic>Ke cnoco6, npn xotopom 
TOMxocTeHHbie npo4>w/ibHwe TpyGw opaaPT 
pacTw*eHneM m pa3A3^e« c HarpeBOM tia aneK- 
TpoTepMWMecKOM o6opyA088HviM. Cna^a^a 33- 
rOToetcy Tpy6w HerpeBaiOT tok3mh 
conpOTUBnoHwa ao TeMnepaTypb< oxxwra, a 
38T6M nocne ox/iaxAeHM» pa3Aa»or npvi homo 
law icoHWMecKo^ onpaeKn. 

HeAOCTarott cnoco6a 3aK/uoMaeTCw ft tom. 
mto np* HanoxeHMM r»/>acTbiprt ^3 MeoToxc^en- 
hwx Toy6 r-«o^eT iipomcxoamth paspue no 
npo$u/ibHoa oOpajiyKDme^. 3 np« «ano*eHwn 
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n/iacTupa n3 otoxxghhwk ipy& c nocneAyKr 
iumm ro4>pMpoeaMneM mo^ct r.powCxOA"Tb 06- 
paaoeaHHe.MWKpoTpeinwH bo ena^nnax h na 
ewcrynax npoAonbnwx ro<J>p npn AC<J>opM3unn 
mx ao uMnnwAPMHecKOw <t>opMw, KorAa ee nnoT- 
mo npn)KMMa»OT (HaKaTbiaaKji) aopHnpy»ome* 
ronoaxo* k BHyTpeHHe^ noBepxnocTn o6caA- 
mom ko/iohmw. B pe3y/ibTare o6ecnewwBa- 
eTca naaexHOCTb repMeTW3auvw n3-aa 

MM3K0W n/»9CTM^HOCTn Mexanna ro4>pupoeah- 

HOro n/>acTbip». 

UenhK) n306peTeHM« *BnAe?CA noebiwe- 

Hue naAe)KHOCTM repMeTH3aunw o6ca*eMHO* 

CKeattwHtrnyreM nOBbiiueHnw nnacTtmnocTw 

weianna nnacTupa. 

CyiUHOCTU M3O6p0TeHUtfl 33KnK)Ma€TC» B 
TOM, HTO T6pM006pa60TKy T0K3MH BbtCOKOW Ma- 

ctotw ocymeCTB^HK>T nocne ro<t>pwpo&aHna, a 

• 3aTeM nOBTOpHO HaHOCAT CM330MHbia CnOtf. 

B pc3ynbT3Te 3HaKonepeMeHHbix Ae<J>op- 
Mau^ft, KoropwM noAoepraeics MeTanna Tpy6 
npw ro<>pKp06aHWU kax b npouecce K3roTOB- 
neMt/m nnacTbipew. Tax u npw pa3Aa^e b npo- 
uecce yctaMOBKvi b cxBattHHax. npowcxoA"T 
3MasMTenbHoe ynpoHHeHne MeTanna. npmeM 
Han6o/ibtune awaMeHwn ynpOMHenvtw npwxoA- 
»tc« Ma BnaAUHbi ro<ppnpoeaHHbix rpy6. 

M3MeHenne TaepAoc™ (Hv) CTanw napKM 
10 npn TepMO05pa6oTKe, ro<t>pwpoBaHMu vi 
paaAa^ nnacTwpfl noxa33MO b Ta6/mue. 

143 T36AWIUW 8MAH0. mTO TBGPAOCTb MeTan- 
na nnacTtupa nocne pa3AaM* b o6caAHOft Tpy- 
6e AOCwaeT h3m6oaulumx 3HaneHM(4, ecrn* 
nnacTbjpb w3roraenw&anc« w3 K6TepMOo6pa- 
6oTaHHOti Tpy6w. rip* u3roTOBneHM nnacTW- 
pert H3 npeAeapMieAbHO TepMoo6pa6crraHHbix 
Kpyr/ibix Tpy6 npu racfcpupoBaHWK reepAOCTb 
MecxOfibxocHn*aeTc« nocpaBHeHnK)c neTep- 
MOo6pa6oTaHHMM^ 3aroTosxaMU. ho nocne 

pa3A3MH TBCpAOCTb B03paCTaeT HOMTW AO 

*e aenuiMMHw. hto u 6es TepMOo6pa6oTxw. no- 
cne TepMusecxoa o6pa6oTKH ro4>pwpoeaHHbix 
Tpy6 c warpeBOM toxsmw ewcoxow mbctotw 
TBepAQCTb mx cnnrcaeTC* 3HaMHTenbHO» a no- 
cne pa3AMMM ona Menbiue. mom y neiepMOoB- 

pa60T3HHblX. 

B oTnwMue ot neMHOro urn* ra3oaoro na- 
rpeaa npn o6pa6oTKe saroToexu ToxaMVi bwcO- 
kom Mactoibi npowcxoA^T He3HaMwTe/ibHoe 
M3MeneHv<e ({>QPMbi ee npo<J>wia. Ha noeepxHO- 
crvt ipy6w o6pa3yeTc« tomkh* enow oxanwnw, 
KOTOpwi4 He oTcnaweaeTcw b npouecce Ae<J>op- 
MauuM ~ pa3AanM. CMaaoMHbm enow h3hocht- 
CP na BHyrpeKHioio nOBepxHOCTb 
oTo^jxeMHwx npoAonbHo-ro<t>pMpoBaHHbix 
Tpy6 nocne uxoxnaxAeHns. Oh npeAOxpanweT 
BnyTpeMHtOK) noeepxMOCTb ot KOppoanonworo 
pa3pyuieHM» a npoi^ecce 3xcn/iyaTauwtfl vi chm- 
jxenMR occowx ycwnviM a npouftcce pa3Aa^ 
nnaCTwpei^. 



n p m m e p peMONTa oGcaAno* ko- 

/»OH«bi A^«MCTpOM 1 46 MM C TO/llU^HOM CTgHliM 

8 mm nnaCTbipb MDroTaanneaJOi M3 tomxoctcm- 
mom Tpydbi zinaMerpoM 130 mm c TontawHort 
5 cTeHKw 3 mm w3 CTann MapKH 10. flnwHa rpyGw 
9-11.5 m. 

Ha BHyTpeHMioK) nOBepxnocTb Tpy6w na- 

HOCRT CflOM fpa<J)MTOBOM APy'OW CMa3KW. 

npeAHa3H3HCHHO^ aha CHwxeHMH yew™* ro<j>- 
10 pvtpoeaHMfl. ro^pupoeanwe MMnnMApunecKo* 
TpyGbi npon3BOAPT na cneuvianbHow ycT3HOB- 
xe Mepe3 ponnKOBy»o ro/iOBKy c 8HyTpeHHe* 
npo<t>wnbHO^onpaBKO^. floflyMaeTcn npOAo/ib- 
HO-ro4>pwpQBaHMa» Tpy6a c Hapy^HwM A^a- 
15 MeTpOM l16MMMMMcnoMro4»p6Mnw8. 3aieM 
npovi3BOAMTcn pwxtobkb ro<J)pnpoBanHOi7i rpy- 
Gw noc^e 0Tpe3Kui ee na 33A3WHyK> a^^«»Y- 

3aieM npon3BOA^TC« TepMMMecKaH o6pa- 
6oT^a npOAO/ibHo-ro<t>pwpOBaMHOM rpy6w - 
20 HopMannoauwfl c HarpeBOM tok3mm bwcokom 
sacTOTw Ha ycTanoaxe BMT 30/6. npv. stom 
npoAO/ibHO-ro<l)pvipoeaHMaH TpyGa ycTanae' 
/ivisaeTcn ropvi30HianbHO Ha poahkobux ono- 
pax ^ c onpeAeneHHOrt cxopocrbK) 
25 npoAB^raetcfl nepes wHAyxTOp. 

Oxna>KAeHMe Tpy6bi npon3BOAWTc« hs 
ao3Ayxe. CMa3xa. xoTopa« 6wna Hanecena ne- 
peA ro<t>pnpOBaHneM. Bwropaei, 

Tax xaK b cKoa>xnH8 npn ycT3H08KC nna- 
30 CTbip» d nHTepBane peMOHia npowseOA^TCP 
pa3Aa^a n/iacTbipfl ao xpyr/iovi 4>opMbi m npw- 
*3Tna x cieHxe o6c3ahom TpyGw. to npw 3tom 
B03HMxa»OT 60/ibUJwe KOHTaxTHbie Harpy3xn 
Me>KAy n/iacTwpeM h nHCTpyMenxoM a^« P^3- 
35 Aasn, CHHxenw« 9Twx H3rpy3ox na anyr- 
peHH»o»0 nooepxHOCTb nnacTwp« h3hocmtc» 

BTOpVWHO CMa30MHb^ C/lOPl, KOTOpb*^ Ciiy)KMT 

xax aha CHMJKeHVifl ycwnn<H, bo3hhk3K)iuhx npn 
pa^A^ n^3CTbip«. xax vi Ann npeAOxpaneHwa 

40 3TOCH nOBepXHOCTM OT K0ppO3il0HHOrO p33PY' 

iueHVtJ» e npouecce axcnnyaTau^vt 

CoMeTanne TepMM^ecxoii o6pa6oTKW nna- 
CTwpew nocne ro4>P^poBann« w MaH*ce«we 
CMa30MHoro cnofl Ha BHyTpeHHtOio noeew*- 
45 HOCTb nocne TepMWMecxoCt o6pa6oTxw noaso- 
nflK)T no 9 wcuTb nnaCTwiHHOCTb MeTanna 
nnacTwp oGecneMHTb OnaroAapa 3TOMy na- 
Ae>KHOCTt> repMeTW3auutw peMOHTwpyeMO^i 

* CXB3>KHHW. 

<X> opMyna w3o6peieMvi» 



Cnoco6 M3roTOBnenMH ro^pwpOfiaHHoro 
danbHOfO nnacTwprt, npenwyiMecTBeHHO an* 
55 peMOHTa oScawenHoA cxsaxuHbi. Bxn»o^a>o- 
iuum TepMOo6par:oTKy 3arOToaxu. HaneceHuie 
cM330MHoro cnofl na BHyTpeHH>o»o noeepxHocrb 
aaroTOBxn m ee ro^p^poaaHwe. o t m m h a *o m m vt* 
c a TeM. *rro. c uenbK) noBbJUJCMvts naAoxnoCTiA 
repMetM3auvin o6c*>xeHH0& ckb^^hhw nyrew no- 
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BbiiueHwa nnacTHHHocTi* MeTa/ina n/iacrwp*. ocymeCTBn«»OT noc/ie rcxfrpMpoeaHna. 3 soTew 

TepM006pft6OTKy T0K3MM OUCOKOA H3CTOTW HOBTOPMO H8MOCWT CM330Mr,W^ Qf\0*. 







8 via o6pa6oTKM 




Mwe MaTopna/ia 


Ao ro4>pMpoBaHHn 


noc/ie ro4>P«po- I 


TepM005pa6oTka 
noc/ie ro<t>pnpoaa: 
hmo (HopManw3a- 
una) c MarpeBOM 

TOKSMW BWCO- 
KO* HBCTOTbll. 


noc/ie pesA^" 


Bea TepMOo6pa- 
6otkh 


1570 


1750 




2020 


C TepMOo6pa6or- 


t350 


1660 




1966 


Bea TepMoo6pe- 

60TKM 


1570 


1750 


1350 


1750 



CocTaewTe/ib M.PoroxwHa 
PeA8KT0P H.rynb*o TexpeAM.MopreHxa/i Koppwrop H-Mycxa 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 nun with wall thickness 8 mm, a patch 
is made from thin- walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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